Introduction

1
Given their critical regulatory roles, small noncoding RNAs (sncRNAs) have become a 2 major focus in biomedical research [1, 2] . The next-gen sequencing technologies have 3 allowed for the identification of hundreds thousands of sncRNAs, which have been 4 categorized into many unique sncRNA species, e.g., microRNAs (miRNAs) [3] [4] [5] , 5 endogenous small interference RNAs (endo-siRNAs) [6, 7] , PIWI-interacting RNAs 6 (piRNAs) [8] [9] [10] [11] , small nucleolar RNAs (snoRNAs) [12] , tRNA-derived small RNAs 7 (tsRNAs) [13, 14] , mitochondrial genome -encoded small RNAs (mitosRNAs) [15], etc. 8 Among these sncRNAs, miRNAs and piRNAs have been studied extensively for the 9 past decade largely because they were discovered first [8] [9] [10] [11] 16] . To help 10 investigators identify known and to predict novel miRNAs or piRNAs based on sncRNA 11 next-gen sequencing (sncRNA-Seq) data, several software packages have been 12 developed, e.g., ShortStack [17] , miRanalyzer [18] , miRDeep [19] , PIANO [20], etc. 13 Using these pipelines, researchers have not only validated previously reported 14 sncRNAs, but also predicted sncRNAs based on their unique structural (e.g., length, 15 stem-loop structure, etc.) and genomic features (e.g., repetitive sequences). Currently, 16 there are many sncRNA databases, e.g., miRBase [21] Simulation sequences were based upon sncRNA sequences from the known sncRNA 7 databases. sncRNA variant sequences, including 1-2nt overhangs, internal insertions, 8 deletions and mutations, were generated by randomly adding or changing 1-2nts at 9 either end or internally using R script of the Biostrings package. To generate the 10 simulation Fasta file, individual sncRNAs were randomly duplicated such that the counts 11 for each ranged from 1 to 50. The GRCm38 mouse genome was built according to the user manual of miRDeep [19, 9 31]. Both miRNA sequencing reads/simulation dataset and GRCm38 pre-built genome 10 were loaded for alignment analyses using the default setting of miRDeep. Scatter 11 plots were generated to correlate the predicted counts (by miRDeep) with the standard 12 counts (simulation counts). 13 14 2.6 miRNA annotation using ShortStack 15 "Bowtie2-build" was used to generate the indexed mouse genome (NCBI_Assembly: 16 GCA_000001635.2). The simulation data were then aligned to the indexed genome 17 using Bowtie 2 (ShortStack --readfile --outdir --genomefile), and the hits were 18 --locifile --outdir --genomefile ). Scatter plots were generated to correlate the 19 predicted counts (by ShortStack) with the standard counts (simulation counts). 20 21 2.7 miRNA annotation using miRanalyzer 22 The stand-alone version of miRanalyzer was downloaded and installed according to the 1 user manual [18, 32] . The pre-built, Bowtie2-indexed genome sequences (UCSC 2 mm9) were used as the reference mouse genome in miRanalyzer. The mature and 3 precursor miRNA sequences were used as the sncRNA reference dataset. miRNA 4 simulation data with or without overhangs were analyzed using the default parameters.
5
Scatter plots were generated to correlate the predicted counts (by miRanalyzer) with the 6 standard counts (simulation counts). Reno approved the use of mice (Protocol#00494) for sperm collection and sncRNA-Seq.
11
Mouse epididymal sperms were collected in the HEPES-HTF medium, and a "swim-up" 12 procedure was performed so that only motile sperm were selected for sncRNA-Seq [40]. All the data were processed using the R script and graphs were plotted using the R script of the ggplot2 package. FeatureCounts (Subread) is used to summarize the unique read counts ( Figure 1D ).
21
The anchor alignment algorithm can avoid multiple and ambiguous alignments, which Figure S6D ). 
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